
PART 1 APPLICANT 

1A. 

1B. 

1c. 

1D. 

1E. 

1F. 

Exenption Number(' : t i 7  16-N 

Application NumbE.r:4C4 _ E  

,. 
\..--- 

Date of Application: 4/20/0i 

Name of Applicant: O l d  Johnsrud 
Title: Qudiity A s s b r a n c e  Manager 
Company Name: RAZASCO AS 

Address: Eox 50 

Ph=r ic l  Number: 4 7 6 1 1  5 292 - 

(formerly Ralufoss Composites AS) ) 

2 3 31 K d U f O S > ,  Id ) I  W J Y  

U . S .  Agent for f o r c ? , g n  app1i;an: :IC cisu!tant Narn?: 

Company name: 
Address: 18 McI n l -osh  Kaad 

Jonn hee:in:ariri 

HLJ. Lon iiead Is1 an 1 
sc 23926 

Phone Number: (843) 653-9935 
Fax : (843) 6gd4-~936 

SJmmdry of What A p r i L 1 ; i r  t 1s 2ecjAest n q :  
To odthoriLe the r n i i i L  E j c  l u r e > ,  m c J  - ) . . L  I G  3nd sale use of a non- 
DOT specification f ~ l l  /-wrapped f i  + g Lass compos te 
cylinder with a seamleis ,  non-lc cld c;llaring blow-moulded 
thermoplastic l i r i e r  for the transpor cation of the materials 
specified herein. 

Regulation(s1 exempted: 1 7 3 . 3 0 4 d i a ,  and 1 7 5 . 3  in that 
the prescribed pack3ciqu is not dLizk~orized therein. 

Kodcs of Trarispoi L i ' _ i  1 1 :  



PART 2 REVIEW FOR DOCKETING 

Proper Shipping N a m e /  
Hazardous Materials Description 

( X '  R p p l r c c j t  f i r  :c 7taiTis 5 i f  E ' i lnt i n f o r m a t  131-1 t o  

( j A p p l i c a t i o n  15 i i ; c )mpLe te  U T  u ~ ~ i ~ e c e s s a r y  and  s h o u l d  b e  
support I n c  y c t  1 n q .  

r e t u r n e d  f o r  Lhe following red7< n ( s i  . 

Hazard Identi- Packing 

Division , Number 
Class/ fication Group 

PART 3 HAZARDOUS MATERIALS 

3 A .  Hazardous  M a t e r i a l s  t 3  be s h i p p e d :  

1 UN1011 1 N / A  I ~ . 1  5 ut arie 

11 Hydrocarbon g a s  m i x t u r e ,  12.1 I UN1565 I N / A  
l i q u e f i e d  n . 0 . s .  

2.1 UN1075 

2.1 ----l-----k UN1578 

P e t r o l e u m  g a s e s ,  l i q u e f i e d  

Propane  

3 B .  I s  t h e  h a z a r d o u s  mater1.al c a p a b l e  0 1  b ? i E g  d e t o n a t e d ?  ( I f  
NO - go t o  3 C )  N O  

I f  s o ,  u n d e r  what c o n d i t i o n s ?  

(2) Has the  h a z L r l i L s  n a t e i  i a L  ,lL el, c ~ a s s e d  as d i i  

e x p l o s i v e ?  - 
0 Has i t  beer, t - t ' s t ed  a n 2  clpp 'o~ed u n d e r  § 173.56? 

0 Is s t a b i l i z a +  :on r e q u i r e d  <lnJ .  hhat type? 

3 C .  O t h e r  r i s k s  p r e s e n t e d  b y  t h e  m a t e r i a  t h a t  w a r r a n t  s p e c i a l  
a s s e s s m e n t .  (e.a. f l a w a b l e  c ) r  :ax-(- j a s e s  p r o d u c e d  upon 
contact w i t h  w a t e r ,  na: .c . r ia l  car1 I n 1 1  i i t e  o r  e n h a n c e  a f i r e ,  



a r t i c l e  o r  d e v i c e  ( : o n t ? i n s  a : i  i c ; i i i  t! o n  s c u r c e )  N O N E  

PART 4 PACKAGING 

4A. 

4B. 

4c. 

4D. 

- Non a u t h o r i z e d  s p e c i f i  :aC Lc:n p a c k a g e .  
- A u t h o r i z e d  S p e c i f i c a t i o n  p a c k a g e  w i t h  q u a n t i t y  o r  

- Mater ia l  c h a n g e .  
- Over a u t h o r i z e d  p r e s s u r e .  
X Non s p e c ~ f i c d t i o n  p a c k a g e .  Most c o m p a r a b l e  s p e c .  

p a c k a g e .  DO'! F R P - 1  

s i z e  v a r i a t i o n .  

What a r e  t h e  p o s s i l i l ~  ' a l l u r e  mr[ j?s  c,f ti-e packag-ng?  Leak 
o r  r u p t u r e  

W i l l  t h e  p a c k a g i n g  i n t t ? g r i t y  be  ' 3 i i f f  I c i e n t ?  Yes 

I n  t h e  c a s e  of a p r c s s i r i z e c :  p a - < = ( g , r g ,  w i l l  t h e  p a c k a g e  
a d e q u a t e l y  c o n t a i n  any' p r e s s u r e  t t i a l -  m ~ g h t  d e v e l o p ?  Yes 

3 o e s  p a c k a g i n g  m e e l  t h e  perfarma1ic.e L e q u i r e m e n t s  f o r  a i r  
t r a n s p o r t a t i o n ?  Yes 

Have e v a l u a t i o n  of  1-es':s r e s u l t s  S ~ I O ~ ~  t h e  p a c k a g e  t o  b e  
e q J i v a l e n t ?  Yes 

A r e  s p e c i a l  h a n d l i n g  m e a s u r e s  n e e d e i  ( s p e c i f y )  ? K O  

PART 5 S P E C I A L  T R A N S P O R T S  INFORMATIONAIICONTROLS 

5A * 

5B. 

5c. 

I s  t h e  appl1c ;an t  s : ? k  i iq d i i  ~ e x e i ~ l ~ t  L ) !  cr(-r  Specid> T r a n s p o r t  
and I n f o r m a t i o n a l  'JP:#-C Is? ( I  !J 1 - go t o  P a r t  6 )  No 

What c o n t r o l s  have   DE?'^ ~fttred 11 7. git ire a p p r J p L l a t e  t o  
m i t i g a t e  r i s k s  O t h e L h h i L s e  p r e s e n l e r i  ' J ~  t ?  :he exempt i o n ?  



5 D .  What s p e c i d i  d a t d  :ol L c ? c . t i o r l  arlu i e $ j o r  Lii-.q r e q u i r e m e n t s  a r e  
needed  t o  doc-umer,t ?xo ? r  i enc  e ar,d ?bi>mpt 1 :'n p e r f o r m a n c e ?  

PART 6 SHIPPING EXPERIENCE 

6 A .  What h a s  t h e  g e n e r - l l l y  s h i p r i n g  expc . - i ?nce  b e e n  with t h i s  
typf? o f  m a t e r i a l ,  p d c L ( i y e ,  a n d  , I D ~ . T ~ I '  i i n ?  The e x p e r i e n c e  i n  
Europe  h a s  b e e n  s a L ~ c f  i c  tory 

6C. I s  t h i s  a new packriqe with r i 3  s h ~ p p  e x p e r i e n c e ?  Yes. 

PART 7 SAFETY AND RISKASSESSMENT 
7A. 

7B. 

'IC. 

-1 [i . 

49 rFR § 107.105(d; F r e s c r i b e s  r e q J 1  rernents  for 
j u s t i f i c a t i o n  of an e . r t?npt io?  t k 1  r o u ~ j l i  2ompar i sons  w i t h  
e s t a b l i s h e d  l e v e l s  of i s € e t y  d n c  r L 3 s s e s s m e n t .  Has t h e  
ap? & c a n t  derrior,st C < I ' _ E  1 E c l u ~ v ~ i ! c i i  It re I i C J F  safet J o r  
p r o v i d e d  a n  dppropris:i-(? r ~ s k  an,? t y s  s? Y P S  

What a r e  t h e  h a z a r d s  ($worst zast.)  p ~ s e d  b y  t h e  p r o p o s e d  
e x e m p t i o n s ?  What c o u l d  go w r o r ~ : ~ ?  Are t h e  r i s k s  
s i g n i f i c a n t ?  What is t:k,e d e g r e e  o-f i.;nr:er-tainty a s  t o  
l i k e l i h o o d  o r  cor,sr:qLences? "'he r i s k s  h a v e  b e e n  
i d e n t i f i e d  a n d  a d d r e s s e d .  

3 : e s  t r i i s  exi>mpt 1 1 1  1 3  i (  o t t  ~r L I I I L  r i y , m y t ; ( , n . ;  p o i n t  t r  
t h e  n e e d  for p o s s i ~ i i e  r e q u i d t o r \  , n < i : g e s ?  No It s o  what  
o t h e r  i n f o r m d t i o n  L S  nepcied t o  S I ' C ) I ~ O Y ~  a r e g u l a t o r y  c h a n g e .  

PART 8 DOCKET COMMENTS/INFORMATION 

8 A .  Date c h e c k e d :  4/28/33 ~ l i w u  

8 B .  Comments: None ( I f  Yes, summar ize )  

8 C .  Has CONFIDENTIAL w- PROPRIETARY i n f , j i m i t i o n  
beer1 c o n s i d e r e d  in :Pi; d p p l i c a .  Lcjn. ies  

I -  

" . ?  

(49 CFR 107.5) 

PART 9 OVERALL EVALUATION&RECOMMENDATIC)B 

Provide s t anda rd  of equivalency and r a t i o n a l e  suppor t ing  equ iva len t  l e v e l  of 
s a f e t y  o r  comment on a d d i t i o n a l  requirements needed t o  e s t a b l i s h  equivalency.  



Include main issues, evidence (i,e. tests), and technical conclusions. See 
note in Part VI concerning confidential information. 

Ragdsco requests ,2:: e:cs?r?:Ft.ic\? i!: c x c ; ~ r  tc manufaclure, mark, 
sell, and use a non-DO'T SF,+:?: t j c a L i o r 1  !i:~-.os-i+:e cylinder for the 
t r d r l s p c r t  , - j t i o n  of l i q ~ , e  A c , J .  ~ : : t  Le 1.1, qa', aiici c: t .bLer  [ ? i s , ~ I  sion 2. 2 
materials. The cylinuer is a f l y - w r a p j ) e d  .ti berglass cylinder 
with a seamless , non-load S I ~ L  iny bl~~w-moulc lea  thermop-Lastic 
liner. The cylinder is manufactured in dc:;cordance with the IS0 
11119-3-2002 Standard, "Composite Fuiiy Wrapped Non-Metallic and 
Non-Load Sharing Metal Liners including Non-Lined 530 bar Phf f .  
The cylinder is also designed to the CE;N 12245 European Standard 
which is very similar to IS0 11119-3. The proposed cylinders and 
RAGASCO have been approved ir! all EC coilintries in accordance with 
Transportable Pressure Zquipnient Dire.:tive (TFED) , giving the 
right to "pi" mark the cylinders. T h i s  is a precedent setting 
request for R S P A .  The (dttdched) FACT S ;E'r p r o v i d e s  the 
significant design, man~Jfac+uriny , anli u : details of  the 
proposed exemption cyliiider. 

The project officer's review of !:he :Sc? Standard 11119-3, 
the CEN 12245, and the DOT FRP-1  Standard f!?r fully wrapped 
fiberglass, aluminum lined cylinders revezled that many of the 
design qualification tests are the same between the three 
standards (e.g. environmental cycling). The IS0 and CEN 
Standards require additional tests that are not required by the 
COT FRP-1, including f l . J w e d  cycle/burst t e s t s ,  a torque test for 
the neck boss, and drop tests. The IS0 diid CEN standards require 
a permeability test, whjLch I S  not appliccj.ble to the aluminum- 
lined COT FRP-1 Standard. iri the cases where testing Is not 
required by the IS0 or CEN standards, KAC;i:S:30 meets the 
applicable design requirements of the UO'I' FRP-1 Standard. 

All approval testing and certification testing (design 
qualification testing) was performed undeir third party inspection 
by TUV Bayern (Germany). RAGASCO reqJes:_ed tk.at inspection and 
testing during manufacture of t h e  proposed cylinders be conducted 
under the competent inspector of the :nan:ilacturer. For most low 
pressure DOT specif icatior, cylinders, rio t-,hird party inspection 
is required. RAGASCO' s .reqLiest should naiL- be granted 1:or the 
proposed cy1 inder bec;iu:;f-? t n c ~ '  c v l  i ride c i L; o -? ii 1 1 -compob;i te 
construct ion, and it 1 s r ,cJt  n ' ; i n u f  3 c C L : r e d  -:n t be iJS. -':Tidependent 
t h i r d  par ty inspectiorl i : i C  1. ci kjc. .i cc j< . i  L i i . m r 2 n ?  C ~ I  t.ne ,,xemption. 

Manufacture of tkie prr3:;)cjsed .;yL.i x i e  1,:; ,ji ! 1 be per :-armed in 
accordance with the Qua i it y Assurance. Woqrdm F1.an (Marked 
Confidential) on file with the OHMEA. T r : e  Flan covers supplier 
follow up, extensive receivlrig inspec:Li:i:i, mariufacturirig 
processes, automatic data collection, te:jl-ing, product audits, 
work station audits, and nlore. 

RAGASCO submitted desiqn qualifizaticn test reports to 
demonstrhte conformanc,e wi ~ ' ' 1  the I5O/::EN/ R!' requirements. These 
test results are on f i l e  wi!:!: the O f f  i z e  r,f Hazardous Materials 
Exemptiorls and Approvals ( i I i lMEA1 . Y ; ~ s e . l  o:i the desiy!i 



requirements, an appropriate level of safety :is met. DOT had a 
few concerns with the IS0 11119-3 Staric-ta:d befo re  it wcls adopted 
at the UN. The concerns were wit.h the t w c  piece, linerless 
composite design, which does not apply to the proposed RAGASCO 
design. There were also concerns about the appropriateness of 
the temperature of 15'C for the permeabil.ity test. 

telephone calls with the applicant to try to obtain additional 
information in order to be &le ta eval>i,;l..e the request. for 
exemptiori. RAGASCO s t a f f  m e t  in the 3tiI.1-20 off-ices a few times 
to exchariqe information. S'.me of the cld(-i, t ioi:al informtion that 
was requested from the :c"ir!y was: :rcit.e! La i information on the 
HDPE liner, retest crIteri.3, desi qn qga.Li :i<:ation test results, 
failure modes and effeci_.s a : i h l y s i s ,  L : ' : ~ ~ i p  -ibilj~t y of t:le liner 
with the LPG, and desly~i cr(3wing.:. A l l  !.c:sponses from €?AGASCO 
were satisfactory. 

Requalification and prefill inspection of the RAGASCO 
cylinder will rely heavily on a visual inspection. Criteria for 
the visual inspection (Attachment A of t h e  exemption) was taken 
from draft document CEN/TC 286 Transportdble refillable composite 
cylinders for Liquefied Petroleum Gas (LPG) - Periodic 
requalification. This is the best irlforrn;it.ion availabie at this 
time for the visual inspection of the type of cylinder in 
quest ion. 

An issue with the riorl-metal liner is the permeability. The 
IS0 and CEN standards r e q u i r e  that ti?e ci1.iiider be weighed empty 
before and after the test and cycled L , O 3 G  Limes from 3 to 
service pressure at 15'C. The cylinder must be weighed after 1, 
7, 14, 21, and 28 days. The: maximum weight loss of the cylinder 
is 0.25 ml/h/l water capacity. For t h e  KAGASCO cylinder, this 
corresponds to a permeability rat? of 3-01 g/yr. 3HM-2:) requested 
additional permeability tes1:ing be perf-orrr:eij. at 130'F to reflect 
more real istic North A r n e r i  . x r :  transp::,rt.a' -1 0 1 1  temperat:Jres. The 
test at the higher terrpr2rat;l: e resulted ; . : I  .?xponerltial ~Ly higher 
permeability. This is exp+~:!-ed benavi c i r  1 or a plastic Liner. 
DHM-20 then requested a saf?ty/risk 3'I:iL is, centeriny around 
scenarios of transportal-icn and stornge Lj pp ropr i ate 
temperatures. 

analysis. ( S E E  ATTACHED MEMO). Based o:? the evaluation of 
RAGASCO' s analysis, we recommend that thi-: exemption include 
prohibitions on storage Lrl tinvent i l a t  ~ 3 d  e,.is and a requirement 
to transport in a wel:-ver:c _ i  ated t.rtA,.:k. 

RAGASCO requc:steu i s,~?.,-v ice L i  € c ,  j o:;cjer t h a n  1 5 yezirs based 
or. the IS0 and European .;t 2:ic:ards. 11: i, rzccommended that the 
cylinder service life bi: liinited ta 1 5  yidrs, which is the limit 
for the FRP-1 ,  2 and C T K  composite cy1i:iders that are authorized 
under exemption in this ccilrit ry. f 

The project officer had a great deal. of correspondence, and 

The risk assessmenl: te<Am of 9HM-20 reviewed RAGASCO's 



Office of Hazardous Materials Technoloqy 
Office of Hazardous Materials Exempt-Qns and Approvals 

(OHMT) 
(OHMEA) 

Offic?: DHM-22.2 

Project O f f i c e r / D a t e :  

R e v i e w e r / D a t e :  

O f f i c e  D i r e c t o r / D d t e :  



. b, RAGASCO COMPOSITES APPLICATIdN FOR EXEMPTION #12706 

Liner: 
FACT SHEET // 

c -_ 
Non-load sharing, seamless, blow-moulded thermoplastic liner. High density 
polyethylene (HDPE). ‘Typical burst pressure 4 bar. 

Composite: 75% Fully wrapped-fiberglass. Resin based on vinylester. 

Size: 10 kg, 23.8L water capacity, Tare wt 6.7 kg 

Service: Leisure market/consumer 

Commodities: LPG, Propane, Butane, Hydrocarbon gas mixtui-e, liquefied n.0.s 

Outer casing: Permanently attached. lnjection mouldcd I-IDI’t I. Covers 80% of cylinder. 

Service life: Limited to 15 years 

Service press: 20 bars (294 psi) 

Test press: 30 bars (441 psi) (ISOKEN 3/2 sp) 

Burst press: 60 bars (882 psi) 

Boss: HDPE with 20 - 30% glass fiber, hot plale welded to the liner 

Manufacture: Automated production. Q.4 program - I S 0  900 1, AQAPllO in 1994. Workstation 
audits and product audits, automatic data coIlcc.iion. 

Approvals: ADR type approvals based on testing iiiw prEK 12245 Feb 1999- all EC countries 
iaw Transportable Pressure Equip Dir Cl’PED pi mark 

Inspection: Homologation testing (des qual) coordinated, witnessed, documentd by TUV 
Bayern. Included audit of manufacturing faci ii ties and documents. 

Product audits:2 completed cylinders per ea batch produced 
- internal/ext visual 
- volume measurement, height, diameter 
- weight 
- pull test on outer casing 
- cut welded parts, study weld zone 
- unscrew valve, measure torque 
- burst 1 cylinder per batch. cut cyl, measure wall thickness 
- cycle one cylinder per 5 batches 

C h e r y l  W. Freeman, DHM-20, 8/8/02 



/' 

Memorandum for Record 

Date: April 2, 2003 

Subject: Evaluation of Risk Documentation Submitted by Kagdsco in Support of an 
Exemption Request for Plastic Lined Composite Cylinders 

, 

By: A. Douglas Reeves, Risk Assessment. DHM-24 

Background : 

Cylinders currently approbed for transportation 01' hazardous niaterials are typically metal or 
metal lined. Permeability (the ability o f  '1 gds to move through the vessel wall) for this typegf 
cylinder is, for all practical purposcs, zero. Howcver, the pl'istic Iincd conipositc cq linders which 
are the subject of the Ragasco exemption application sit. perincable allowing approximately 100 
grams of the contents to escape per year dt 100 degrees 1.' POI lneability increases at higher 
temperature. 

. 

One of the concerns in this precedent-sctting exemption application is the effect of permeability 
on the risk posed during transportation and use of'this type of cylinder. RSPA/OHMS asked 
Ragasco to provide analysis to determine if the permeability was high enough to cause the lower 
flammability limits for liquified petrolcum gases (LP(;) to bc reached in reasonable 
transportation and use scenarios. Note that the scope o f  the analq sis extends beyond 
transportation because hazardous material transportation regulations function to a certain degree 
as defacto standards in the use environment. 

Analysis and Results: 

Three scenarios were modeled and examined by Ragasco at !hi: request of RSPA/OHMS: (1) 
storage of the cylinder in the trunk of a c x  where elevded temperatures could occur: (2) 
transportation in a vehicle with a number of other cylintlers; \ 3 ) storage in a closed area in a 
home. 

The probability of a Case I critical incidcnt was deter1n:ned lo be low. InfrequenL occurrence of 
this type of event and natural [as a result o i  temperature cycling) \entilation are factors in this 
result. (Note that the analysis does not provide a time to reach [he lower flammability limit in 
this instance.) 

Case 2 was also determined to be of 10% probability. 1.PG cq linders should not be transported in 
an enclosed space such as a box truck or van (CGA Pamphlets P1, SB-2; NFPA 58). This, 
coupled with relatively short, defined transit times and the likclihood that professional 
transporters will follow regulations and guidelines, limits thc chance of occurrence. (Note that 
the analysis indicated that transportation in a closed truck \vi t h  1300 cylinders with a peak high 
temperature would take 3 to 5 days for the lower Ilaminabili~y limits to be reached.) 

Case 3 is the highest probability event calculated, by at least two orders of magnitude, and 

9 



represents the scenario of greatest concern. Case 3 assumes that the cylinder will be placed in a 
small confined, unventilated storage space in a home, such as ti cabinet in a basement. Although 
such storage is prohibited in the IJnited States, it can occur, particularly in the consumer 
environment. Case 3 assumes a relati~ely high (80 degrees 19 constant temperature with no air 
infiltration. I t  is set up to represent a worst-case scenario. 

Ragasco determined that i t  would t A e  I74 days. o r  appi.nuimlelq 6 months, to rcach the lower 
flammability limits for LPG in the conlined storage spice due 10 tho permeabilit> ot'the cylinder 
Although undisturbed storage of' such duration is unliE cl:. i t  i \  no t  implausible. 

Ragasco goes on the calculate the probability of an evcnt resulting from permeability and 
reaching the lower flammability limits.. The results arc shown in 'Table 1 .  A couple of the 
assumptions in the calculations are questionable. Table 2 recomputes the probability to 
determine sensitivity of the results to these assumptions. Spccifically, assuming a specific 
temperature and performing the calculation on that basis ma). negate the permeability > 100 g/y 
factor (the probability becomes 1 ). Similarly. the probiibilit!, o f  not smelling the LPG before an 
ignition source is present may be too high i n  this sceniirio ( n o  \,eiitilation) and again the 
probability is assumed to be 1. 

Thus the resultant worst-case scenario has a upper bound probability of 8.1225E-07, or about 
one in a million. In fact, the probability is likely much lower considering that the assumption 
that no infiltration will occur is an extreme one. Infilti-ation should significantly increase the 
time for the lower flammability limit to be met and may preclude the possibility i n  many 
circumstances. 

The question may arise as to whether higher permeahiIil> raicc, should be allouable in future 
applications. It may be advisable to  liniir consideralion t o  th!s pcimeability rate o r  less. Even 
then, testing, periodic retesting, and manuf'acturing controls in'iy be appropriate to ensure higher 
rates do not occur in practice. Also, the question of'a perrni~siblc permeability rate versus the 
size of the cylinder may be worth investigating in the Iuture. 

Conclusion: 

There is a very small but finite possibility that the use of  cy1indei.s of the type proposed by this 
exemption could pose a danger in certain circumstances. 

The applicant suggests that valve Icakagc poses compar,ible ii\ks 
comparison is useful in evaluating risk implications 
not adequately tightening valves are reasons cylinders art' not to be stored in unventilated or 
interior spaces in the United Stales 
risks and will increase the total risk of interior storage in certain circumstances. The risks border 
on negligible but cannot be dismisbed entirely. 

1 he point is Lalid and the 
Seal leakage and the possibility of the user 

However, the effects oi' permeability are additive to other 

Recommendation: 

If other aspects of the exemption evaluation suggest that equi\,alcnt levels of safety are 
maintained but for the permeability issue. consider adding zi in;irl\ing requirement to the cylinder 

10 



as a condition of the exemption. l'he niarhng uould cnsurc the user is more prominently 
warned about the potential danger o l  illside storage of any c; 1 i iider. 

A visible label or marking stating somc,thing along the lines o('"cylinders should not be stored 
inside the home or in unventilated spaces" should more than ol'fset any risk due to permeability 
of the cylinder proposed for use in this application. Thc  public awareness created by such 
markings could be expected to reduce the instances of interior storage and the risks due to either 
leaking or loosely closed \salves or cylinder permcability 

1 1  



Table 1 

Probabililies as Computed bq Ragasco 

___- 

Factors\proba bility Closet in house 

Probability for the situation to happen 
Permeability > 100gly 
Drain from the space smaller than LPG loss 
No attention for a long period 
Do not smell the loose LPG before presenting 
ig n . sou rce 
The total amount of loose gas has critical 
energy level 
There is oxygen involved 
Ignition source present 
Probability for critical incident 

0.001 
0.00001 

0.9 
0.1 

0.001 

0.95 

0 95 
0.01 

8.1 225E-15 

Table 2 

Probabilities lJsed in Sensi t i \ , i  t 4 Analysis 

Factors\probability Closet in house 

Probability for the situation to happen 
Permeability > 1 OOgly 
Drain from the space smaller than LPG loss 
No attention for a long period 
Do not smell the loose LPG before presenting 
ig n. sou rce 
The total amount of loose gas has critical 
energy level 
There is oxygen involved 
Ignition source present 
Probability for critical incident 

0.001 
1 

0.9 
0.1 
1 

0.95 

0.95 
0.01 

8.1225E-07 
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